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CROSS REFERENCES TO RELATED APPLICATIONS 

Co-pending, commonly assigned U.S. patent application entitled "Method 
and Apparatus For Predicting DC Offset Potential In a Liquid Crystal Display 
(LCD) Device," filed on the same day as this application, attorney docket number 
5 2789. P045 by Kevin J. Ilcisin and Douglas J. Mc Knight. 

FIELD OF THE INVENTION 

The present invention relates to the field of Liquid Crystal Displays (LCDs) 
and specifically to LCDs with reduced DC offset potential. 

10 

BACKGROUND OF THE INVENTION 

LCDs describe a broad class of display devices that are used in a variety 

of applications. Some of the applications are directed to information displays 

and range from low to high information content. Some examples of low 
15 information content displays are watches, calculators, gas pump counters, and 

portable video games. Some examples of high information content displays are 

laptop computers, flat panel television screens, video projectors, and head 

mounted virtual displays. 

Although each specific LCD product or application will impose specific 
20 constrains on the design, fabrication, and operation of the device, there are 

fundamental structural components, which are shared by almost all LCD devices. 

Figure 1 shows a cross-sectional view of the basic components of a LCD device. 

LCD device 10 is comprised of liquid crystal (LC) material 7, which is contained, 

from below, by lower alignment layer 3, which is in contact with lower electrode 
25 2, which is in further contact with lower substrate 1 . From above, upper 

substrate 4 is in contact with upper electrode 5, which contacts upper alignment 
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layer 6. Upper alignment layer 6 is in contact with LC material 7. In the case of 
high information content displays, the components of LCD device 10 shown in 
Figure 1 represent the basic components of a typical single pixel. A typical 
display is comprised of a plurality of such pixels arranged in either an array or 
5 other geometric fashion. The geometry of some of the components, such as the 
electrodes, may depend on the display of interest, the exact configuration being 
selected by the device designer. In the following discussions, descriptions of the 
structure of a LCD device as in Figure 1 and subsequent figures will be used to 
described either a display or a pixel interchangeably. When an assembly or 

10 device is described in the following sections, it will be understood by one skilled 
in the art that the device, assembly, layers, and electrodes can be either 
individual pixels, an entire area of pixels, or the entire display area. 

Liquid crystals are noted for their anisotropic electrical and optical 
properties. The optical anisotropy causes birefringence due to the molecular 

15 structure and orientation of the LC material. It is known, to those of skill in the 
art, that the birefringence caused by the optical anisotropy of the LC molecules 
affects the state of polarization of a polarized light wave passing through the LC 
layer. Additionally, it is known to those of skill in the art, that when an electric 
field is applied between the electrodes and across the LC layer, the LC 

20 molecules align themselves with respect to the field, the specific orientation 
depending on the magnitude of the dielectric anisotropy. 

Applying a voltage across the LC layer, using the upper and lower 
electrodes, operates a LCD device. The electrical anisotropy of the LCD 
material causes a deformation of the LCD material from its equilibrium position, 

25 in response to the applied voltage, and can induce the desired modulation of the 
polarized light passing through the LC layer in cooperation with a suitable 
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analyzer. The viewer of the device will see a change in the intensity of the 
observable light. The degree of modulation and hence the intensity of the light 
observed by the viewer is typically determined by the amplitude of the voltage 
placed across the LC layer. For proper operation of a LCD device it is necessary 
5 to apply any deforming voltage as a purely AC signal, with no net DC voltage 
being placed across the LC layer. Neither should there be any intrinsic DC offset 
existing within the LCD device due to the properties of the device. 

Undesirable effects caused by the DC fields are observable to the viewer 
in the form of flicker, image sticking, and voltage shielding. Figure 2 shows 
10 some of the characteristics of a LCD device with and without an intrinsic DC 
5 offset. Characteristics of a prior art LCD device containing a DC offset are 
p shown in 2b. The corresponding characteristics of a LCD device, according to 
St the present invention, are shown in 2a. If a DC voltage is placed across the 
p electrodes of a LCD device or if a LCD cell has an intrinsic, DC offset potential, 
p 15 differences in the observed intensity for the positive and negative polarities of the 

JfJ applied AC waveform will appear. This results in the two curves for observed 

i y 

Nf intensity 15 instead of the single curve for observed intensity 12 which would 
M= exist if a DC offset was not present. An asymmetry of the observed light is 

shown in temporal transmission 16, which will be detected by an observer in the 
20 form of undesirable flicker. 

In the previous discussion, description of the effect of DC offset is typical 
of a LC display utilizing a nematic LC material. There are many other types of 
LC materials, i.e., ferroelectrics, cholesterics, for which the presense of a DC 
offset may have similar or different effects on the observed intensity. 
25 It is often necessary to correct for the presence of the DC offset by 

making changes in the fabrication of the LCD device, or by altering the drive 
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waveform. However, the most common way to measure the DC offset is with the 
finished LCD device. Although this prior art method allows for a statistical 
determination of the distribution of DC offset for a sample of manufactured 
devices, there has not been a known way to measure parameters of the LCD 
5 device during fabrication that can be used to assess the DC offset that can be 
expected when the LCD device is completed. To solve this fundamental problem, 
methods and apparatus for predicting the intrinsic DC offset in a LCD device 
were disclosed in co-pending, commonly assigned U.S. patent application 
entitled "Method and Apparatus For Predicting DC Offset Potential In a Liquid 
1 0 Crystal Display (LCD) Device," filed concurrently with this application and having 
5 attorney docket number 002879.P045. 

m A typical prior art technique for minimizing DC offset, commonly used in 

y 

pi transmissive displays, is to fabricate both the upper and lower assemblies 
^ equivalent^. Typically, Indium-Tin-Oxide (ITO) is used for the electrodes and 
L, 15 the same alignment layers are fabricated on both the upper and lower 
jf? substrates. This technique has been found to produce very low or zero DC 

jf offset displays. In the case of reflective displays, it is difficult to manufacture the 

□ 

upper and lower assemblies equivalent^ by using identical materials for the 
electrodes and corresponding layers in between the electrodes and LC material. 

20 Prior art attempts at solving the problem of intrinsic DC offset in reflective 

type LCD devices have not been effective. A prior art attempt at minimizing the 
DC offset potential in a reflective type of LCD device is U.S. Patent 5,764,324, 
Lu et al., "Flicker-Free Reflective Liquid Crystal Cell; [Lu] teaches the 
minimization of intrinsic DC offset potential by coating the reflective electrode on 

25 the lower substrate with a layer of ITO, which is the same electrode material 
used for the upper electrode in the LCD device. The purpose is to minimize the 



2879.P046 



-5- 



Application 



difference in work function between the two electrodes. Lu's method has two 
key limitations. The first is that the DC potential that will exist in the finished LCD 
device is not dependent solely on the work function of the two electrodes, but 
rather on the surface potential of the combined layers that are used in the 
5 fabrication of the LCD assembly. This is especially true if the cell construction 
above the ITO layer is not symmetric. For example there may be a passivation 
layer, such as SiC>2, on top of one of the ITO layers to prevent against short 
circuits between the top and bottom electrodes. Secondly, in many specific LCD 
devices, coating the reflector layer with ITO is not technically feasible due to 
10 inter-pixel shorts, or is cost prohibitive. What is lacking in the art are methods of 

O 

y3 adjusting the difference in the surface potential between the lower and upper 

m 

m assemblies of an LCD device and LCD devices that have reduced or zero DC 

|s £ 

offset potential, especially for nonsymmetrical LCD devices which are required in 
J7 reflective LCD designs. 

2 

o 

Us 

□ 
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SUMMARY OF THE INVENTION 

A liquid crystal display device in one embodiment, of the present 
invention, includes: an upper electrode; a lower electrode; an alignment layer in 
contact with either of the upper electrode or the lower electrode to form a lower 
5 assembly and an upper assembly; and a liquid crystal display material, disposed 
between the upper assembly and the lower assembly; wherein a measured 
surface potential difference between the upper assembly and the lower 
assembly is adjusted such that an intrinsic DC offset potential in the liquid crystal 
display device is reduced. 
10 A method, in one embodiment, of measuring a surface potential of an 

assembly of a liquid crystal display device includes: connecting a reference 
terminal of an electric field measuring device (EFMD) to an electrode of the 
assembly of the liquid crystal display device; placing a measurement probe of 
the EFMD proximate to a surface of the assembly of the liquid crystal display 
UJ 15 device; and measuring the surface potential of the assembly of the liquid crystal 
u display device with the EFMD. 

^ In yet another embodiment, of the present invention, several methods for 

□ adjusting an intrinsic DC offset potential in a liquid crystal display device are 
^! taught. One such method includes the steps of: treating at least one electrode, 
20 of the liquid crystal display device, such that a surface potential difference 

o 

£ between a lower assembly and an upper assembly, of the liquid crystal display 
device, is reduced and the intrinsic DC offset potential is reduced. 

A method, in one embodiment, of reducing an intrinsic DC offset potential 
in a liquid crystal display device, includes selecting material for a lower electrode 
25 and an upper electrode, of the liquid crystal display device, such that a surface 
potential difference between a lower assembly and an upper assembly, of the 
liquid crystal display device, is adjusted and the intrinsic DC offset potential in 
the liquid crystal display device is reduced. 

Another method, in one embodiment, of adjusting an intrinsic DC offset 
30 potential in a liquid crystal display device includes: selecting passivation layer 
material; and disposing passivation layer material on an electrode, of the liquid 
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crystal display device to form an assembly; wherein a surface potential of the 
assembly, after the disposing of passivation layer material, is altered; such that a 
surface potential difference between a lower assembly and an upper assembly, 
of the liquid crystal display device, is reduced and the intrinsic DC offset potential 
5 in the liquid crystal display device is reduced. 

Still another method of adjusting an intrinsic DC offset potential in a liquid 
crystal display device, includes: selecting alignment layer material; and disposing 
alignment layer material on an electrode, of the liquid crystal display device to 
form an assembly; wherein a surface potential of the assembly after the 
1 0 disposing alignment layer material, is altered; such that a surface potential 
difference between a lower assembly and an upper assembly, of the liquid 
crystal display device, is reduced and the intrinsic DC offset potential in the liquid 
iO crystal display device is reduced. 

Another method, of adjusting an intrinsic DC offset potential in a liquid 
W 15 crystal display includes: selecting material for at least one alignment layer to be 
\2 disposed on an electrode of a lower assembly of the liquid crystal display device; 
^ and selecting material for at least one alignment layer to be disposed on an 

0 electrode of an upper assembly of the liquid crystal display device, such that a 

Hj surface potential difference between the lower assembly and the upper 

1 y 

M* 20 assembly, of the liquid crystal display device, is reduced, 
rf Still another method according to the present invention, of adjusting an 

intrinsic DC offset potential in a liquid crystal display device, includes treating at 
least one alignment layer, of the liquid crystal display device, such that a surface 
potential difference between a lower assembly and an upper assembly, of the 
25 liquid crystal display device, is reduced. 

Yet another method according to the present invention, of adjusting an 
intrinsic DC offset potential in a liquid crystal display device, includes increasing 
the thickness of at least one layer, applied to an electrode of the liquid crystal 
display device, such that a surface potential difference between a lower 
30 assembly and an upper assembly, of the liquid crystal display device, is reduced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and is not limited in 
the figures of the accompanying drawings, in which like references indicate 
similar elements. 

Figure 1 shows a cross-sectional view of the basic components of an 
LCD device. 

Figure 1a shows a basic transparent LCD device. 

Figure 1b shows a basic reflective LCD device. 

Figure 2 shows some of the characteristics of a LCD device with and 
without intrinsic DC offset. 

Figure 3 indicates the upper and lower assemblies of a LCD device and 
shows where the surface potentials of the assemblies are measured. 

Figure 3a shows the effect of probe head size on the measured surface 
potential. 

Figure 4 depicts the configuration of the experimental test equipment 
used to predict the intrinsic DC offset potential in a LCD device. 

Figure 5 is a plot of predicted DC offset potential verses measured DC 
offset potential in two different LCD devices. 

Figure 6 is a view of a LCD device showing the surfaces of the upper and 
lower assemblies on which the surface potentials will be measured 

Figure 7 shows a LCD device in which electrodes have been selected to 
provide similar surface potentials in order to minimize the surface potential 
difference within the LCD device. 

Figure 8 depicts the cross section of a LCD device employing multiple 
alignment layers in order to minimize the surface potential difference within the 
LCD device. 
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Figure 9 depicts the cross section of a LCD device employing passivation 
layers and multiple alignment layers in order to minimize the surface potential 
difference within the LCD device 
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DETAILED DESCRIPTION 

A cross section of a typical LCD device is shown in Figure 1, where a 
LCD layer is positioned with adjoining; alignment layers, electrodes, and 
mechanical substrates. 

With reference to Figure 1, liquid crystal display device 10 may be viewed 
from above, or observed by looking down through upper substrate 4, in order to 
see LCD material 7, where information is displayed. Upper substrate 4 may be 
made of glass or plastic. LCD devices can be classified as transparent or 
reflective. Depending on the type of display, lower substrate 1 may be 
transparent, as in a back-lit laptop display, or opaque such as in a reflective 
display. For reflective displays, lower substrate 1 , can also be made from glass, 
silicon, or any other material that can serve as a suitable support for LC material 
7, such as glass or plastic. 

An electrode is typically fabricated on each substrate. Typically, in 
between each electrode is an alignment layer. The alignment layers are typically 
organic layers which are either treated mechanically or optically to provide the 
LC material with orientation and anchoring at each end of the LCD device. A 
typical material for the alignment layers is polyimide, which is commercially 
available from many suppliers such as NISSAN Chemical, Inc. Thus, lower 
electrode 2 is connected with lower substrate 1 and lower alignment layer 3. 
Lower alignment layer 3 is connected with LC material 7. On the upper side of 
LC material 7, upper substrate 4 is connected with upper electrode 5. Upper 
electrode 5 is connected with upper alignment layer 6 and upper alignment layer 
6 is connected with LC material 7. A LCD device functions by applying a voltage 
across LC material 7. 
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There are differences in the typical construction and operation of the cell 
of a reflective LCD device as compared with the cell of a transparent LCD 
device. The cell of the LCD device will be considered to include the electrodes 
and all layers disposed between the electrodes. 

With reference to Figure 1a, the operation of a typical transparent LCD 
device is described. Unpolarized light is incident from the bottom of transparent 
display 100, emanating from light source 102. The light first passes through 
input polarizer 104. Typically, input polarizer 104 is a linear polarizer, and thus 
the light incident on transparent lower substrate 106 is linearly polarized. The 
polarized light then propagates through transparent lower substrate 106, which is 
typically made from glass, but may be made from plastic or other suitable 
materials, which do not change the polarization state of the light. The polarized 
light then propagates through transparent lower electrode 108, lower alignment 
layer 110, and interacts with LC layer 112. After propagating through LC layer 
112, the light then passes through transparent upper alignment layer 1 14, 
transparent upper electrode 1 1 6, and transparent upper substratel 18. The light 
then passes through output analyzer 1 20, which is typically a second polarizer 
and is viewed by viewer 122. 

There are many types of LC materials and several LC Electro-optic (EO) 
effects that can be used for LC layer 112. These include modes such as twisted 
nematic (TN) and electrically controlled birefringence (ECB). It is important to 
note that each of the EO effects, in combination with a voltage applied across 
the LC layer by the electrodes, can be used to change the state of polarization of 
the light passing through the LC layer. In a typical TN cell, when no voltage is 
applied, the polarization state of the incident light is rotated by 90 degrees upon 
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propagating through the cell. When the maximum voltage is applied, no change 
in the polarization state occurs. 

In the example of a TN cell, analyser 120 would be a second linear 
polarizer. The orientation of this polarizer depends on the LC material used, and 
5 the choice of the display mode. For example, in a typical normally white TN cell, 
output analyser 120 would be oriented with its polarization axis rotated 90 
degrees with respect to the orientation of input polarizer 104. Thus, with no 
voltage applied to a TN cell, the input light is rotated 90 degrees on passing 
through the cell and then is transmitted through output analyser 120 with little 
10 additional attenuation. Viewer 122 sees a bright or "on " display. If a voltage is 
yj applied to the cell, the incident light is not rotated by the TN cell, and the light is 

m then absorbed by output analyser 1 20 and the viewer sees a dark, "off", or black 

W 

ry display. 

L? There are differences in the typical construction and operation of the cells 

U 15 for reflective and transparent LCD devices, as was previously mentioned. With 
H! reference to Figure 1 b, the operation of a typical reflective LCD device is 
^ described. Light is incident from the side of reflective display 100b, emanating 
from light source 102. The light passes through an input polarizer. For the 
display shown in Figure 1b, the input polarizer is shown as polarizing beam 
20 splitter 1 02b which has the advantage of linearly polarizing the input light and 
reflecting it by 90 degrees, thus coupling the light into transparent upper 
substrate 1 18b. Next, the light propagates through transparent upper electrode 
1 16b and upper alignment layer 1 14b. The light then propagates through LC 
layer 1 12b, where the state of polarization may be changed and then passes 
25 through lower alignment layer 1 10b. The light is then reflected off of a lower 
reflector. Typically, the lower reflector is implemented as reflective lower 
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electrode 108b, made from a material such as aluminum. The light then 
propagates a second time through lower alignment layer 1 10b, LC layer 1 12b, 
upper alignment layer 1 14b, transparent upper electrode 1 16b, and transparent 
upper substrate 1 18b. The light then passes through polarizing beam splitter 
102b a second time, which is now acting as the output analyser. Again, the 
viewer will see a bright or a dark display depending on whether a voltage is 
placed across LC layer 1 12b by the two electrodes, 108b and 1 16b. 

For reflective displays, several of the fabrication requirements can be 
quite different compared to transmissive displays. The lower substrate, although 
it may be glass, may be a non-transmissive material such as a silicon wafer or 
integrated circuit. The lower electrode no longer needs to be transparent, thus 
many different metals can be used. Since the light passes through LC layer 
1 12b twice, it is important to note that even for displays described as TN or ECB, 
the actual LC cell construction must be different from an equivalent transmissive 
display because of the effect of two passes through the LC layer on the 
polarization state of the light. 

The choice of electrode material is determined by the design of the LCD 
device. For back-lit transparent displays, both electrodes must be transmissive 
to visible light. An example of a suitable transparent electrode material is ITO. 
When the display is operated in a reflective mode, lower electrode 2 can be a 
reflecting conductor such as aluminum or chrome, or a combination of materials 
such as alloys or multi-layer metal and dielectric structures. 

It will be appreciated by those of skill in the art that many additional 
components may be added to the structure, shown in Figures 1,1a, and 1b, 
such as passivation layers, planarization layers, color filter layers, and other 
components, which may effect the fabrication and operation of the LCD device. 



2879.P046 



-14- 



Application 



However, the method of measuring the intrinsic DC offset potential that will result 
in the finished LCD device will apply equally to all such combinations of 
structures. 

As taught in "Method and Apparatus For Predicting DC Offset Potential In 
a Liquid Crystal Display (LCD) Device," the surface potential of the assembly of 
layers that contact the LC material is a controlling parameter for predicting 
intrinsic DC offset potential within a finished LCD device. Specifically, the DC 
offset potential that will exist in a finished LCD device can be predicted before 
the LCD device is finished by making non-contacting measurements of the 
surface potential of the upper and lower assemblies of the LCD device. The 
difference in surface potentials so measured, or surface potential difference, 
predicts the intrinsic DC offset potential that will exist in the finished LCD device. 

To determine the DC offset potential that will occur in a finished LCD 
device it is necessary to accurately measure the surface potential of the two 
complete assemblies just prior to assembly and filling with LC material 7. Figure 
3 indicates the upper and lower assemblies of a LCD and shows where the 
surface potentials of the assemblies are measured. With reference to Figure 3, 
lower assembly 20 includes lower substrate 1 , lower electrode 2, and lower 
alignment layer 3. The surface potential of lower assembly 20 is measured at 
measurement location 3a, which is the surface of lower alignment layer 3 that will 
make contact with LC material 7 in the finished LCD device. In a similar manner, 
upper assembly 25 includes upper substrate 4, upper electrode 5, and upper 
alignment layer 6. The surface potential of upper assembly 25 is measured at 
measurement location 6a, which is the surface of upper alignment layer 6 that 
will make contact with LC material 7 in the finished LCD device. 
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In practice, the surface potential is likely to vary over the surface of the 
upper or lower assembly. Therefore, it may be necessary to take several 
measurements of the surface potential and compute an average for an 
assembly. 

Additionally, the accuracy of the measured surface potential of an 
assembly, as compared with the actual surface potential of an assembly, will 
vary according to the properties of the measurement system employed. Figure 
3a depicts the spatial filtering that occurs due to averaging, resulting from the 
probe head's width. With reference to Figure 3a, actual surface potential 
distribution SPa(x) 300 is shown for a possible surface to be measured. This 
surface distribution may be measured with small probe head 304 or large probe 
head 306. The result of measuring surface potential distribution 300 with small 
probe head 304 is shown in small probe head measured surface potential SPs 
(x) 310 as curve 312. The result of measuring actual surface potential 
distribution 300 with large probe head 306 is shown in large probe head 
measured surface potential SP L (x) 320 as curve 322. 

Small probe head 304 filters actual surface potential distribution 300, 
curve 302, less than large probe head 306. Thus, a more accurate 
measurement of actual surface potential distribution 300 is obtained with small 
probe head 304. This phenomenon of averaging is applicable to measurement 
systems of this type and should be noted by those skilled in the art when 
attempting to measure the surface potential distribution of a surface. It should 
be noted that in order to obtain a more accurate measurement of the actual 
surface potential SPa(x) 302, a point sensor would be required. However, in 
practice a suitable approximation may be achieved with a probe head whose 
width is chosen small enough relative to the fluctuations of the surface potential 
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to be measured. Probe heads of decreasing size may be used until the 
measurements converge, thereby arriving at the proper probe head size. 

As mentioned above, averaging measurements made at several points on 
a surface is usually sufficient to obtain the necessary reading of the surface 
5 potential. 

Large displays may have a pixel size and a display size that are large 
relative to the sampling size of the probe head. In this case, it is possible to 
measure individual pixels directly and average over several pixels, as described 
in the preceding paragraphs, to obtain an estimate of the DC offset for the 
10 display. 

S 

%C For the case of a display where the pixels are much smaller than the 

08 

m smallest practical probe head, but the active area of the display containing all the 

i 2 5 

ft! pixels is larger than the probe head, then one may make a measurement of 
jy. several pixels thereby measuring the average surface potential of several pixels, 
*U 15 including inter-pixel areas separating active pixels which may be fabricated with 
%\ different materials than the pixels and hence have a different surface potential, 
*Z and use this measurement to estimate the DC offset of the display. In some 

instances, it may be necessary to compare the surface potential measurements 
with the actual DC offset measurements made on completed operating displays, 
20 and then re-scale the surface potential measurements to account for the 
influence of the inter-pixel areas. 

Where both the size of the pixels and the size of the active area 
containing the pixels is smaller than can be accurately measured with available 
probe heads, there may be areas around the periphery of the active area where 
25 a measurement of the surface potential would be representative of the surface 
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potential of an actual pixel. In this case, measurements of this area of a layer 
would be used to estimate the DC offset potential. 

Several display assemblies, each of which may be too small to be 
measured directly, and where there is no available area on the periphery of the 
5 individual displays to be measured, may be manufactured together on a larger 
substrate, such as the case for Liquid Crystal on Silicon based LCD displays in 
which several display active matrix assemblies are fabricated simultaneously on 
a single Silicon wafer. In this case, there may be areas on the periphery of the 
wafer, which are representative of the DC offset of the pixels, and can be used to 
10 estimate the DC offset of all the displays from the specific wafer. 

0 

vQ Finally, it may be impossible to make a direct measurement on a pixel, 

ffl 

01 display, or substrate, in which case it has been shown that it is possible to 

W 

fy fabricate test structures, of a size suitable for measurements with an existing 
C probe head, that are fabricated with the same materials and processes such that 

JU 1 5 the surfaces measured with an EFMD give surface potential measurements that 

m 

are equivalent to those that would be measured on a pixel, display or substrate if 
^ they were or the appropriate size. 

N> Figure 4 depicts the configuration of the experimental test equipment 

used to predict the intrinsic DC offset potential in a LCD device. With reference 

20 to Figure 4, LCD assembly 30 is shown ready for the surface potential 

measurement. LCD assembly 30 is either the lower or upper assembly that will 
be used to create the finished LCD device. Assembly 30 includes all the layers 
that will contact one side of LC material 7 (Figure 3), such as substrate 31 , 
electrode 32, and layers 33 (Figure 4). An EFMD such as a non-contacting 

25 electrostatic voltmeter may be used to make the surface potential 

measurements. Reference connection 35, of electrostatic voltmeter 36, is 
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connected to electrode 32 with lead 34. To ensure an accurate measurement, a 
good low resistance electrical contact should be made with electrode 32. If 
contact is made to layers 33 on top of electrode 32 the measurement may not be 
accurate. Probe head 37 is connected to probe connection 38 of electrostatic 
5 voltmeter 36. Probe head 37 is placed proximate to surface 33a. A preferred 
distance is in the range of 0.1 - 2.0 millimeters. Suitable distances depend on 
the characteristics of the specific measurement desired and the measurement 
instrument. This distance can be chosen on the basis of the accuracy and 
repeatability of the measurement, as well as the desire not to touch or otherwise 
10 damage the substrate prior to fabrication into the LCD device. The value of the 

!□ 

*Q measured surface potential is then recorded. The surface potential 

00 

yi measurement is then made for the other assembly that will form the finished 

U 

fy LCD device. The magnitude of the difference between the surface potential 
H measurements for the upper and lower assemblies of the LCD device is the 
q 1 5 magnitude of the DC offset potential that will be present when the assemblies 

Si are assembled and filled with LC material. Because electrostatic voltmeter 

rU 

tz measurements typically vary with distance, it is important that both surfaces be 
H measured at very nearly the same separation distance between probe head and 
surface. 

20 Typical electrostatic voltmeters usually measure the surface potential of 

an assembly with reference to an internal standard, or to an external reference or 
a value selected by the user, and as such make a relative measurement. It is 
important that the user of such a device be aware of the implications of making 
such a relative measurement. For example, when calculating the difference in 

25 the surface potential of two assemblies, the relative value cancels out. 

Therefore there is no implication to the relative measurement except that both 
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assemblies must be made with respect to the same reference. However, when 
making a comparison of the absolute surface potential of difference assemblies, 
for instance when defining a potential as "positive" or "negative" it is important to 
take into account the measurement is with respect to a reference. For a typical 
EFMD, the internal standard, which is used as a reference, is approximately the 
surface potential of gold, A non-contacting electrostatic voltmeter such as the 
Model 320B manufactured by Trek Instruments, Ina provides sensitive 
measurement of the electrostatic potential of surfaces in the typical range of 
interest for LCD devices (± 10 volts). 

The advantages of this test setup and technique are that an assessment 
of the intrinsic DC offset in an LC cell can be made prior to fabrication of the 
device. Because this method is non-contacting, it does not damage the 
substrate in any way that would prevent the fabrication or proper function of a 
working LCD device. Since the thickness of the LC gap of the assembled 
display, which is subsequently filled with LC material is typically between 1 and 
10 micrometers, it will be apparent to those of skill in the art that this method 
avoids contamination by particles that may be deposited by contact or other 
damage that might occur during other forms of testing. Such contamination or 
damage is undesirable. 

Figure 5 is a plot of predicted DC offset potential, as measured with the 
disclosed methods and apparatus prior to LCD assembly, verses measured DC 
offset potential of the completed LCD device using optical measurement 
techniques for three different LCD devices. With reference to Figure 5, 
comparison 50 plots predictions 52 of several displays for three specific LCD 
device designs. Predicted DC offset 50x, as predicted by the disclosed methods 
and apparatus, is plotted on the x-axis. Actual DC offset 50y, measured 
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optically, is plotted on the y-axis. Prediction 52 results in points that lie on a line 
of slope 1 because by definition the measured DC offset and the predicted DC 
offset for the measured surface potentials should be the same value. Ideally, all 
measured points should lie on a slope of 1 . 

The technique previously described, for measuring the surface potential of 
an assembly of a LCD device during manufacture, is useful for building LCD 
devices with minimized DC offset potential or LCD device with DC offset 
potential within a range for a given LC design (a designed range). Figure 6 is a 
view of a LCD device showing the surfaces of the upper and lower assemblies 
on which the surface potentials will be measured prior to assembly. With 
reference to Figure 6, LCD exploded view 60 indicates the fabrication of 
successive layers by the use of arrows on upper electrode 5, indicating the 
deposition of upper electrode 5 onto upper substrate 4 and upper layers 66 onto 
electrode 5, which forms upper assembly 25. The surface potential of upper 
assembly 25 is measured at measurement location 6a. The lower assembly is 
fabricated by depositing lower electrode 2 onto lower substrate 1 and lower 
layers 63 onto lower electrode 2. The surface potential of lower assembly 20 is 
measured at measurement location 3a. 

In one embodiment, of the present invention, electrode materials may be 
selected so that the surface potential difference between the upper and lower 
assemblies is reduced. Electrodes are selected for which the surface potential 
difference is small. Those of skill in the art will recognize that the surface 
potential of a metal used for an electrode is different than the ideal work function 
of the electrode. References such as CRC, Handbook of Chemistry and Physics 
Vol. 64, pages 76-77, list typical values for the work function of various metals 
commonly used as electrodes in LCD devices. Most metals, used for the 
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fabrication of LCD device electrodes have native oxides or other layers formed 
on their surface due to processing. Thus, the measured surface potential of the 
metal is different than the value for the work function that would be listed in a 
reference table. 

5 In one embodiment, it has been found that when using Aluminum (Al) and 

ITO as the electrodes in an LCD device the surface potential difference is 
approximately 1 .2 volts. Thus, the LCD device fabricated with identical 
alignment layer material on these electrodes, will have a large intrinsic DC offset 
that may exceed an acceptable design range for the LCD device. Figure 7 
10 shows an LCD device in which electrodes have been selected to provide similar 

*J3 surface potentials in order to minimize the surface potential difference within the 

ro 

gi LCD device. With reference to Figure 7, LCD device 70 is fabricated with 

ny chrome lower electrode 72 and ITO upper electrode layer 75. If lower alignment 

layer 3 is fabricated with the same material as upper alignment layer 6 the 
JU 15 resulting intrinsic DC potential difference in the finished LCD device would be 
H ; reduced from 1 .2 volts to less than 0.1 volts which may be within an acceptable 
^ designed range for some LCD devices. 

N" According to another embodiment, of the present invention, the surface 

potential of an assembly can be increased or decreased to adjust the DC offset 

20 in an LCD device. For the purpose of this discussion, a change in surface 

potential that results in the surface potential moving in the positive direction, or 
becoming less negative with respect to the selected reference value of the 
measuring device, will be referred to as an increase in surface potential. 
Conversely, a change in surface potential, making the surface potential more 

25 negative or less positive with respect to the selected reference value of the 
measuring device, will be referred to as a decrease in surface potential. This 
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choice is arbitrarily made and could have been stated differently with no effect on 
the present invention. The choice simply establishes a reference frame from 
which to discuss changing the surface potential. 

Returning to the example of Al and ITO electrodes, the surface potential 
of the Al electrode can be decreased, made less positive, and the surface 
potential of the ITO can be increased, made less negative, in order to achieve 
the desired result of minimized DC offset potential. It is often desirable to use Al 
as the reflecting electrode and ITO as the transparent electrode for ease of 
fabrication and cost reduction in an LCD device. In this case, coating one or 
both of the electrodes with a passivation layer can reduce the large surface 
potential difference between Al and ITO. Passivation layers are nominally 
insulating layers made from a variety of materials. Examples of suitable 
passivation layers are, BCB planarization layer supplied by Dow Chemical 
Company, spun-on-glass supplied by Nissan Chemical as NHC (Nissan Hard 
Coat), MgO, and various insulating layers made from materials such as Si02, 
AI2O3, SiN 2 , MgF 2 , MgAI 2 0 4 . Evaporation, sputtering, spin-coating, roller-coating, 
meniscus coating, chemical vapor deposition (CVD), and plasma-enhance CVD 
as well as other fabrication techniques can be used to fabricate these layers. 

The addition of passivation layer S1O2 to the Al electrode decreases the 
surface potential from 0.2 volts to approximately -0.48 volts for a typical 
assembly as measured with a Model 320B using the internal standard. The 
addition of alignment layer 7492 on top of passivation layer Si0 2 increases the 
surface potential of ITO to -0.23. The finished LCD device, according to this 
construction, using the same alignment layer on both substrates will have a 
surface potential difference of -0.24 volts, which is reduced compared to the 
initial value of approximately 0.6 volts and may be within an acceptable designed 
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range for some LCD devices. An exemplary range for the surface potential 
difference of the LCD previously discussed could be-0.4 volts to +0.4 volts. It will 
be appreciated by those of skill in the art that an acceptable designed range 
depends on the particular LCD device under consideration. The range listed 
above -0.4 volts to +0.4 volts is merely illustrative of one designed range and 
does not limit the present invention. 

Many fabrication techniques exist in the art, as well as other material 
choices. However, the fabrication technique or the material choice does not limit 
the present invention. 

In another embodiment, of the present invention, different alignment 
layers can be used to either increase the surface potential of an assembly or 
decrease the surface potential. Typically, LCD manufacturers use the same 
alignment layer on both upper and lower assemblies. There are many different 
alignment layer materials that have been developed for use in LCD devices. 
These have been found, according to the present invention, to produce different 
surface potentials when deposited on top of various electrodes or passivation 
layers. Alignment layer materials are often classified as low or high residual DC 
(RDC). RDC is an industry measurement of the proclivity of the material to trap 
ions and thus, for a DC voltage to be built up in the LCD device. Low and high 
RDC materials have significantly different surface potentials when fabricated on 
top of electrodes and passivation layers. Two different alignment layers can be 
selected for their property to modify the surface potential of each assembly in a 
manner that minimizes the surface potential difference of the two assemblies. 

In another embodiment, of the present invention, one or both substrates 
can be fabricated with more than one layer of alignment material. Although only 
one layer of alignment material is needed as the final layer in contact with the 
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LCD material to provide the necessary molecular anchoring, it is possible to 
fabricate a device with a plurality of layers made of alignment material to 
minimize the surface potential between the upper and lower assemblies of the 
LCD device. Figure 8 depicts the cross section of an LCD device employing 
multiple layers of alignment material in order to minimize the surface potential 
difference within the LCD device. With reference to Figure 8, 1 st lower 
alignment layer 82 and 2 nd lower alignment layer 84 may be made from different 
materials. In like manner, 1 st upper alignment layer 86 and 2 nd upper alignment 
layer 88 may be fabricated from different materials, None of the four alignment 
layer materials need be the same, the layers may be chosen to provide the 
desired changes in surface potential of the assemblies prior to completion of the 
LCD device in order to achieve the minimized DC offset potential in the finished 
LCD device. 

In an alternative embodiment, of the present invention, the electrodes 
may be treated or processed to either increase or decrease the surface potential 
of an assembly. One such treatment can be heat treating, which can reduce the 
surface potential of the electrode. Treating may be performed prior to coating 
with passivation layers or alignment layers in order to alter the natural oxide 
layers on the metal. An example of a treatment is the firing of an aluminum 
electrode in an atmosphere containing H 2 and/or N 2 . This treatment reduces the 
surface potential difference between Al and ITO. Another example of processing 
is etching the assembly in an argon. Argon plasma etching can be used to 
increase the surface potential of an Al electrode. 

In another alternative embodiment, of the present invention, the alignment 
layer may be doped during processing with an ionic salt or other dopant which 
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has the effect of altering the surface potential of the finished assembly so that 
the surface potential difference of the LCD device is minimized. 

Another embodiment, of the present invention, provides for changing the 
surface potential of an electrode by either increasing or decreasing the thickness 
5 of layers applied to the electrode. One example is the application of an MgO 
layer to an ITO electrode. The uncoated ITO electrode has a measured surface 
potential of -0.85. MgO may be applied to the ITO electrode with the effect of 
increasing the surface potential with increasing MgO layer thickness. An MgO 
layer 1 ,000 angstroms thick increases the surface potential of the assembly to 

1 0 approximately -0.2 volts. Further increase of the MgO layer to approximately 
1,600 angstroms increases the surface potential of the assembly to zero volts. 

It will be noted by those of skill in the art that any of these embodiments 
may be used singularly or in combination to achieve the desired change in 
surface potential in an assembly or minimized DC offset potential in the finished 

15 LCD device so that the intrinsic DC offset potential falls within the desired 
designed range. An example of multiple layers of alignment material and 
different passivation layers can be seen in Figure 9. Figure 9 depicts the cross 
section of an LCD device employing passivation layers and multiple alignment 
layers in order to minimize the surface potential difference within the LCD device. 

20 With reference to Figure 9, lower passivation layer 92 and upper passivation 
layer 95 may be fabricated with different materials. Different passivation layer 
material may be used in combination with multiple layers of alignment material to 
achieve minimized DC offset potential in the LCD device. 

The invention is not limited to typical nematic-filled LC displays. Those of 

25 skill in the art will understand the application to other LC based displays. For 
example, it is possible that use of other electro-optic modulation effects and 

2879.P046 -26- Application 



m 
iii 



pa 

Q 



materials, would display an improved image if the DC offset were to be 
enhanced (for example in some types of bistable media), in which case the 
methods described herein to adjust the surface potential difference between and 
upper and a lower assembly could be used to increase the DC offset potential of 
the completed display. 

In the foregoing specification, the invention has been described with 
reference to specific embodiment thereof. It will be, however, evident that 
various modifications and changes may be made thereto without departing from 
the broader scope and spirit of the invention. The specification and drawings 
are, accordingly, to be regarded in an illustrative rather than restrictive sense. 



2879.P046 



-27- 



Application 



